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[57] - ABSTRACT

A safety control circuit for electric motors of power
windows of automotive vehicles and which differenti-
ates between a tight fitting of the window pane and an
obstacle blockage. The motor current is selectively
detected to provide a signal representative of the instan-

taneous rather than static current values. The detected

signal is compared to a reference signal. When the de-
tected signal exceeds the reference signal by a given
value or longer than a predetermined interval, which
indicates that an obstacle blockage has occurred, the
motor current is switched off or reversed.

1 Claim, 13 Drawing Figures
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CIRCUIT ARRANGEMENT FOR POWER
WINDOWS

BACKGROUND OF THE INVENTION

The invention starts from a circuit arrangement for
- driving a movable element, especially for driving panes
or the like in motor vehicles. S

For instance the motor of window closing installa-
tions of motor vehicles has to be switched off or
switched to reverse run on grounds of safety, when the
pane meets an obstacle. This is ensured in known ver-

-~ sions 1n that a power-dependent value, for instance the

motor current, is evaluated, whereby the motor is
- switched off as soon as this power-dependent value
exceeds a given threshold value. It became obvious in
practice that the motor current which is needed to drive
a tight pane may be bigger than that motor current
value which is permissible on grounds of safety. There-
fore such window closing installations with a static
current evaluatlon do not meet the requ1rements of the
practice.

It has therefore been suggested to evaluate the tem-

porary change of the motor current and to derive from

it a switching signal for switching off or changing over

the motor. This dynamic current supervision starts from
the fact that the current rise is very steep, when the
pane meets an-obstacle, but that the current rise is essen-
- tially smaller because of an increasing friction. |
‘The invention is based on the problem to create a
circuit arrangement which reliably switches off the
‘motor with only a slight effort, when the movable ele-
- ment driven by the motor meets an obstacle, whereby it
is to be ensured, that the power increase due to normal
friction and sudden and short-term tightness of the

S

10

2

threshold value, whereby, when the threshold value is
exceeded, the instantaneous value of the power-depend-
ent value is stored in a store. The output signal of said
store 1s continuously compared with the instantaneous
value of the power-dependent value and finally a

- switching signal is released as soon as the difference of
these two values is bigger than a given threshold value.

Besides it 1s conceivable to integrate the output signal

of the differentiator again and to release a switching

signal as soon as the value at the output of said integra-

- tor exceeds a given threshold value.

15

- In another embodiment of the invention instanta-
neous values of the power-proportional value are de-
tected at constant intervals and the differences of suc-
céssive values are formed, whereby these differences

~ are added up by an addition circuit, when they are

bigger than a given reference value, whereby the addi-

- tion circuit is quenched, when the difference is smaller

20

2
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“drive system do not result in a sw1tch1ng—eff or chang- |

1ng over of the moter

SUMMARY OF THE INVENTION

~The invention is thereby based on the Idea that a
sudden tightness of the movable element as well as

running up on an obstacle entails a relatively big power
-increase per time unit. Thus this criterion is evaluated at
first. Now it is to be differentiated, whether this sudden
- power increase was caused by running on an obstacle or

by sudden thightness. This differentiation is made ac-

40

45

~cording to the invention in that the power increase is

measured, when a given value of the temporary change
-~ .of the power-dependent value is exceeded and that,

when the increase is too big, the motor is switched off 50

- or changed over. This differentiation is thereby based

- on the consideration that, when the movable element is
‘tight the force acting upon it can increase very rapidly

‘indeed, but shortly thereafter this increase is reduced
again. If however the movable element meets an obsta-

cle the power increases rapidly to a value which can

55

- maxim’ally be supplied by the motor. If thus after a rapid
power increase it is stated that thereafter the power

remains again approximately constant or only increases
- shghtly, one can assume that only a short-termed trou-

~ble was concerned, but that the mevable element did
~not run on an obstacle. |

- This principle of the mventlen can be reahsed in

d:ffer_ent ways. The temporary change of the power-

‘dependent value can for instance be detected by an
-analogue or digital differentiator, whose output signal

65

~ depends on the increase of the power-dependent value
- over the-time. Said output signal is compared with a

than this reference value and the addition circuit re-
leases a switching signal at a given sum.
Further advantageous devel()pments of the invention

- are described below by way of various embodiments..

- The present invention deals too with the design of a
circuit arrangement which is meant for several motors
for adjusting several movable elements. Thereby it is

provided that each motor can be controlled upwards

and downwards respectively and that the power-
dependent values of all motors can be conducted to a
central control unit, whereby said central unit, whena
switching signal is available, switches at least one of the
motors to downward direction. |
- Thereby solutions.are conceivable in which the indi-
vidual. power—dependent values are mterrogated contin-
uously and then the respective motor is switched off or
changed over. In a simpler embodiment all motors, thus
also those which were not switched on by the operating
switch, are changed over to downward direction as
soon as at least one of the evaluated power-dependent
values results in a switching signal. -

'BRIEF DESCRIPTION OF THE DRAWING

The 1nvent10n is described below by way ‘of the em-
bodiments shown in the accompanying drawings, in
which - o |

FIG. 1is a bleck dlagram of a version of a motor,

FIG. 2 a diagram in which the power—dependent
value is entered over the time, .

FIG. 3 a circuit diagram of the sw1tch1ng stage evalu- 3
ating the power-dependent value, |

"FIG. 4 a circuit diagram of the logic via whlch the
-.sw1tch1ng signals of the switching stage are evaluated,

‘FIGS. 5§ to 9 schematic sketches of embodlrnents for

| the control of several motors,

FIGS. 10 and 11 various partslof the circuit arrange-'
ment of a central control unit,
FIGS. 12 and 13 schematic circuit dlagrams of fur-

ther embodiments of the switching stage for supervising

pewer—dependent values.

| DETAILED DESCRIPTION

In FIG. 1a permanent magnet motor is de51gnated by
10, which may be supplied by a voltage source not

shown in detail with the positive pole 11 and the nega-

tive pole 12. By means of two relays 13 and 14 a two-
way switch 1s realised in such a way that upon actuation

of the relay 13 is operated in the one direction of rota-
tion, but upon actuation of the relay 14 in the other
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direction of rotation. As long as both relays are de-
energised, the motor 10 is short-circuited. The motor 10
actuates a position switch 15 which is closed, when for
instance in a window closing installation: for motor
vehicles the pane is conducted to the upper frame up to
only a small spacing, ‘whereby. this.spacing is selected in
such a way that it must no longer be feared that an
object, for instance a finger, will be. squeezed

- The operating current of the motor in both dlrections
of rotation. flows over a low-resistance resistor 16, at
which a voltage is tapped off. Because the motor cur-
rent is dependent on the torque and thus on the force
acting on the movable element, the voltage tapped oif at
the resistor 16 can be regarded as power-dependent
value. Of course the invention is not restricted to this

mode of obtaining the power-dependent value, the

torque of the motor can rather be evaluated or a me-
chanical-electrical converter can be used too. R
This signal tapped off at said resistor is conducted to
the input 17 of a switching stage as a whole designated
by 18, which is shown in detail in F1G. 3. The switching
stage 18 supplies switching signals for the switching
logic as a whole designated by 21 at both inputs 19 and
20. Vice versa the switching logic 21 supplies a control
signal for the swnchlng stage 18 at the output 22. .
An operating, switch is de51gnated by 23, which from
the neutral position shown in the drawing can be selec-
tively adjusted into one of two switching positions, in
which the motor is controlled in the one or other direc-
tion of rotation.
- By means of FIG. 2 at first essentlal characterlstlcs of
the power-dependent value, thus in the present case of
the motor current, are described in detail. From the
- time dlagram it is to be seen that, when the motor is
‘switched on, the current rises to a sw1tch1ng-on value
Ig. Then the motor current is reduced again to a normal
value durlng the sw1tch1ng-on tlme TE By the dotted
lines in FIG. 2 it is indicated, that when the direction of
rotation of the motor is reversed, for a short time a
much higher current Iy is flowing which during the
changeover time Ty drops to the normal value. Because

10

15

4
continues to increase and finally reaches the value I.
The difference I, minus Iy thereby exceeds a particular
and previously entered threshold value, whereupon 4
switching signal for switching off or changing over the
motor is released. Thus the above difference character-
ises the power increase which in the case of trouble for

[instance acts on'a finger. This value has to be restricted

on grounds of safety In this connection it is essential

- that this value is completely independent of the previ-

ously measured value of the operating current, so that
current changes due to for instance changing friction in
guiding the pane do by no means affect the switching-

| off threshold.:

The switching stage 18 evaluatmg the motor current

is described in detail by way of FIG. 3. The voltage on

~ the measuring resistor 16 is conducted to the switching

20

25

stage 18 via the input 17, to which an inverter for signal
adaptation as a whole designated by 30 follows. The
exact wiring of this inverter as well-as that of the other
circuits made of operational amplifiers 1s known and is
therefore not described in detail. At the switching point
31 a signal may be tapped off, which follows the motor
current. This signal ‘is continuously conducted to the

one input 32 of an adjustable gain amplifier 33. The

output signal of said adjustable gain amplifier 33 i1s via a
switch 34 switched onto an integrator 35, whose outpit
signal is conducted to the other input 36 of the adjust-

 able gain amplifier 33. As long as the switch 34 is closed,
- the capacitor 37 of the integrator 335 is charged until the

30

35

output signal of the integrator is equal to the signal at
the switching point 31. When the switch 34 is opened,
the regulating circuit is interrupted and the capacitor
charges on the whole remains constant. Thus a store 1s

- realised by these circuits the value of the motor current
which is given whén the switch 34 is opened. =~

Among other thirigs the outpuf signal of said integra-
tor 35 is via a balancing resistor-38 conducted to a sub-

traction circuit 39 whose other input is located at the

~ switching point 31. Said subtraction circuit 39 compares

40

the instantaneous current value with that which was

. previously stored and controls a threshold switch as a

these are normal modes of operation such a current -

_increase may not be followed by a switching-off or
changing over of the motor. Therfore a cut-off time T 4
was defined which is bigger than Tg or Ty, whereby

45

within this cut-off time the motor current is not evalu- -

ated or the evaluated signal is blocked.

Additionally the blocking current 1z and a current

_' value Isare shown in FIG. 2, which current value 1S not |

- to be exceeded normally.
~ Especially important for the present invention is the

~ dotted line a of the drawing. This line marks the tempo-

‘rary current increase which is not to be exceeded dur-
ing undisturbed operation. Consequently a current

curve according to line b will not release a switching

signal for switching off or changlng over the motor
- until the threshold current 15 1s exceeded. In contrast

'.50

“whole designated by 40. The threshold of said switch 40
‘is adjusted by means of the trimmer 41.” As soon as the

output signal of the subtraction circuit 39 exceeds the
adjusted threshold, the potential at-the output of the
threshold swrtch 40 changes abrupt]y to nearly p031t1ve

~ voltage.

The switch 34 is controlled by a clock generator 42 1n
such a way that it is closed for a short time at the begin-
ning of a measure time interval, but otherwise is opened.

At the beginning of each measure time interval, which

| 'corresponds to the time dt of FIG. 2, thus:the instanta-

" neous current value is stored. If now, during the course

. of the measure time, the actual current exceeds the

35

threshold gwen by the: threshold switch 40, the tempo-
rary current increase is bigger than permissible. Thus

- with the part of the switching stage 18 described until

thereto the rise of the current curve c is bigger than that

of the line a. Thus in this case there is a trouble, but from
the rise alone it cannot be recognised, whether a short-
term tightness is concerned or whether for instance a
finger has been squeezed. Thereby the power increase is

“measured in such a way that within a given time interval
dt the power increase di is detected and compared with

a threshold value. If the threshold value is exceeded in
- one embodlment of the invention the value 1; is stored
and compared with the instantaneous current. If in case

of trouble the pane meets an obstacle the motor current

65

now the temporary change of the power-dependent

value is detected and compared with a threshold value.

When the threshold value is exceeded a control signal
may be measured at the output of the threshold switch
40. This control signal is conducted to a further switch

;43 under certain circumstances which will be descnbed

in detail below and the switch' is thereby opened. -
One can see in FIG. 3 by comparlson that a further
store is formed by the adjustable gain amplifier 44, the

switch 43 and the integrator -45, whereby this store

stores the current value ‘given; -when the switch 43 is



S
opened. When the switch 43 is opened by a control
s:tgnal thus the store is practially blocked. Because this
is the case, if a too high current increase has been de-
tected, a value corresponding to the current value I; of
FIG. 2 is stored in the integrator 45. This stored value
is compared with the instantaneous value on the switch-
ing point 31 in the subtraction circuit 46 and conducted
to a further threshold switch 47. The threshold value 1s
adjusted by trimmers 48. The output of this threshold
stage 47 is identical to the output 20 of the switching
stage. At said output 20 a first switching signal may be
measured, which induces the electric motor 10 to
switch off or to change over.

- The control signal is conducted to the switch 43 via a
NAND-gate 50, which is acted upon by a monoflop 51.
Said monoflop 51 is a component part of the switching
logic 21, however also shown in FIG. 3 for better un-

3

10

15

derstanding. It is triggered at any time the operating

switch 23 is actuated or the direction of rotation of the

motor is reversed and produces a pulse for the cut-off 20

time T4 mentioned in FIG. 2 through which the switch
43 is closed. During said cut-off time the voltage at the
output of the integrator thus corresponds to that at the
switching point 31, so that the threshold stage 47 does

not respond. During said cut-off time thus the release of 25

a switching 51gnal at the output 20 is prevented. The
NAND-gate 50 is connected to the output of a store 52.
If this store is set out of the cut-off time, the switch 43
is opened. The store is set as soon as the threshold

switch 40 responds. It is reset as soon as the output of 30

the threshold switch the potential jumps back, thus as
soon as the increase of the motor current falls below the
threshold shown in FIG. 2. Because this is periodically
the case, when the switch 34 is closed and thus the
integrator 35 is recharged, one has to take care that the
reset signal is blocked during this time. This is achieved
in that on the one hand the signal of the clock generator
42 is switched on an input of the NAND-gate 53 and on

33

the other hand a further signal of a monoflop 56 is con-

ducted to one mput of said NAND-gate 53, whereby

40

said monoflop 56 is triggered by the rising slope of the
signal of the clock generator 42, so that shortly before -

that time at which the switch 34 1s closed, the two last

‘mentioned inputs of the NAND-gate 53 are applied to

high potential. This means that only at that time before
the beginning of the next measuring cycle the signal at
the output of the threshold switch is switched to the
reset input of the store 52.

The switching stage 18 has a further threshold switch-

57 whose threshold is adjusted by the trimmer 358.
Thereby the threshold corresponds to the current value

‘Tsshown in FIG. 2. At the output 19 of this threshold

stage 57 a signal may be measured at any time, when the
instantaneous current value exceeds this threshold. The
switching signal at the output 19 thus can be designated
as a static switching signal, whereas the switching signal
“at the output 20 is obtained because of a dynamical
- current evaluation. The latter can only appear, if previ-
ously a steep current increase has been recognised
which corresponds to a too big temporary power in-
crease.

The effects of these sw1tchmg signals are described

below by way of FIG. 4. In the rest position the stores
60, 61, and 62 are reset. The output of the monotlop 51
is applied to high potential -and also the output of a
further timing element 63. The switching elements
switching the motor 10, namely the relays 13 and 14 are
de-energised. The motor 10 is short-circuited.

45

50

55
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If now the operating switch 23 in FIG. 4 1s adjusted
to.the left, the inverting amplifier 66 is controlled via
the NAND-gate 65 and thus the relay 13 becomes ex-
cited. The motor 10 rotates in a direction of rotation
which closes the window. If no trouble occurs and the
switch 23 is returned to its neutral position, the motor
10 is immediately short-circuited, because the relay 13
releases again. If the operating switch 23 is changed
over to the other switching position the inverting ampli-
fier 70 is via the NOR-gate 67, the mverter 68, the
NAND-gate 69 controlled and thus the relay 14 for
downward operation becomes excited.

When the operating switch 23 is actuated the mono-
flop 51 is triggered and that either via a monostable
timing element 71 or via the NOR-gate 67, the inverter

68 and the OR-gate 72. The two gates 73 and 74 are
blocked, when the monoflop 51 is triggered. The dy- |

namical switching signal at the output of the switching

stage 18 is blocked in this manner. Also the static
switching signal at the output 19 of the switching stage
18 is blocked via the gate 74. The outputs of the two
gates 73 and 74 are switched to an OR-gate 75 whose
output signal is conducted to a gate 76 which is only
opened, when the operating switch 23 is changed over
into the switching position for upward operation. From
this follows that the switching signals as such are only
evaluated during upward Operatlon

In the following description it is assumed that upward
operation is switched on and the window is to be closed
without trouble. Thereby the position switch 15 i1s
closed shortly before the window enters the upper
frame, which at first causes that the gate 73 is blocked.
The dynamical switching signal can no longer be evalu-
ated. When the window enters the frame the static cur-
rent is, however, increased to such an extent that the
current value Isis exceeded. Thus the store 60 1s set via
the gate 74, the OR-gate 75 and the gate 76. But the

- output signal of said store 60 at first does not have any
‘effects. It has indeed to be considered that with the

release of the static switching signal at the same time the
monostable timing element 63 is triggered, whose out-
put jumps to earth potential for a time of for instance
300 msec. Because also the other input of the OR-gate
77 is applied to earth due to the closed position switch.

15, earth potential is applied to one input of the NAND-
gate 78 following the store 60, so that the change in the
switching condition of the store 60, is not processed by
said NAND-gate 78. But when the instable phase of the
timing element 63 expires, the NAND-gate 68 changes
over, affects the NAND-gate 65 and switches off the
relay via the inverting amplifier 66. The motor 10 1s

brought to a standstill.

‘Hereby it is essential that the static swnchmg 31gnal 1S
evaluated with delay by the timing element 63, whereby
it is to be ensured that the pane driven by the motor 10
reliably enters the frame completely. Thereby it 1s ac-

‘cepted that possibly for this time interval of the timing

element 63 an increased motor current will flow, which

‘indeed is not permissible during normal operation. But
as far as safety is concerned this is not risky, because the

- position switch 15 previously recognised that squeezing
- of any subject has no longer to be feared. -

65

Now it is assumed that the operating switch 23 is
changed over to downward operation and that the relay |
14 is excited. In this case the evaluation of the dynami-
cal switching signal at the output 20 1s blocked, because
the gate 76 is blocked. But the static switching signal is-
evaluated instead. During downward operation the one
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potential of an AND-gate 79 is switched to high poten-
tial via the NOR-gate 67 and the inverter 68. The sec-
ond input connected with the gate 74 carries also high
potential as soon as the static switching signal is avail-
able at the output 19 of the switching stage 18. But at
the same time the monostable timing element 63 is trig-
gered again, so that only after expiration of the delay
time of said timing element also the third input of said
AND-gate 79 carries positive potential and thus the

store 62 1s set. Thereby the inverting output of said store |

62 jumps to earth potential, so that at the output of the
NAND-gate 69 positive potential may be measured and

thus the relay 14 is de-energised via the inverting ampli-

fier 70. Thus also during downward operation the statlc
switching signal is evaluated with delay. |
Now 1t 1s assumed that upward operation is switched
on and a dynamical or static switching signal is avail-
able, whereby the position switch 15 is to be opened.

Thus in the previously described manner the OR-gate -

75 1s controlled via the gate 73 or 74 and the store 60 is
set via the gate 76. By setting the store 60 the relay 13
becomes de-energised. But at the same time via the gate
80 the store 61 is set whose output signal is switched to
the other input of the NOR-gate 67, so that the mono-
flop 51 is triggered again in the manner described

10

15

20

23

above. When the direction of rotation of the motor is

reversed the gate 73 and the gate 74 respectively is
blocked again, so that the switching signals are not
evaluated for the cut-off time. Besides the relay 14 for
downward operation is excited in the manner described

for switching-off operation by the switching signal of

the store 61, which practically replaces the switching
signal of the operating switch 23 during downward
operation, via the NOR-gate 67, the inverter 68, the

30

35

NAND-gate 69 and the inverting ampllﬁer 70. Thus the

direction of rotation of the motor is reversed, when a
switching signal is available during upward operation.
This condition continues to exist until the store 61 is
reset. This is the case as soon as the store 62 is set whose
non-inverting output is connected to the reset input of
the store 61. The store 62 is set as soon as in the above
described manner with completely opened window the
current value again exceeds the static threshold current
Is and the delay time of the timing element 63 has ex-
pired. To summarize what is said to this switching logic
which is combined in the circuit 21 it has to be men-
tioned that indeed too high static and dynamical cur-
rents or forces are created, when the pane moved into
the upper end position, but that no compulsory down-
ward movement follows, because this is prevented by
the position switch 15. But the motor is only switched
off after a delay time. During the downward movement
the switching stage reacts only to too high static cur-
rents, whereas . the dynamical switching signal is
blocked. The currents Iy, 1p appearing during normal
operation but actually not permitted are cut off, because
the monoflop 51 is triggered at any time the operating
switch 1s actuated or the direction of rotation of the
motor is reversed. In case the motor is already blocked,

when it is switched on, the static signal is evaluated as

soon as the monoflop 51 is reset again. Only during the
upward movement the dynamical switching signal is

 evaluated too, whereby this switching signal then

causes a compulsory downward movement of the pane
until the lower end position is reached. It is of course
- conceivable to interrupt this downward movement
“after a given time interval has expired, because it can be

40
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assumed, that the squeezed object will be free again
then. -
In the FIGS. 5 to 9 various embodlments of window
hifter installations are shown, in which several movable
elements are controlled via one motor each. In FIG. 5 a
total of four motors are shown, to which one operating
switch 23 each is assigned. All these operating switches
23 are accommodated in the console of the vehicle, so
that the driver can move all panes of the vehicle. Addi-
tionally further switches 80 are prowded for the two
windows at the back which are installed in the respec-
tive door and can be actuated by the passengers. One
recognises from FIG. § that these operating switches 80
or 23 are all developed as two-way switches, so that the
motors can selectively be switched on in upward or
downward operation by these switches. To each motor
a position switch 15 is assigned, whose switching signals
are conducted separately to a central control unit as a

‘whole designated by 81. Besides one recognises in FIG.
S that from the operating switches 23 or 80 leads are
conducted to the central control unit, to which a mea-

suring resistor 16 each is connected. Thereby the leads
from the switches 80 or 80’ are conducted via a safety
switch 82, which can be only acutated by the driver, so
that the windows at the back of the vehicle cannot be
opened without the drivers permission by the passen-
gers. The central control unit 81 has a switching stage
for evaluating the power-dependent values, which are
tapped off at the resistors 16, as well as a switching
logic, which in principle functions as described above.
If a static or dynamical switching signal is available, a
relay 83 1s energised. This relay 83 operates three bridg-
ing contacts which, seen as a whole, are operating like
a two-way switch. It may be recognised, that in the rest
position the earthing connection 84 is acted upon the

contacts of said relay 83 and the positive connections 85
- to the operating switches are acted upon via the resis-

tors 16. If in contrast thereto the relay 83 is excited,
these leads 84 and 85 are interrupted and the leads 86
and 87 are connected instead. All motors 10 are con-
nected to these control leads 86 and 87, whereby indeed
a de-coupling via the diodes 88 is provided. The latter
fact is important in order to prevent that all motors 10
can be controlled by one operating switch. The poten-
tial for these control leads 86 and 87 is thereby selected
in such a way that all motors are compulsorily moved
downwards, when the relay 83 is excited. .

In connection with FIG. 5 it is additionally pelnted
out that the control lead is directly connected to the
positive pole of the vehicle battery via a contact of the
relay 83. However a manual operation of the window
lifter installation is only possible, when the ignition is
switched on, for a relay 89 is only energised, if positive

“potential 1s applied to the terminal 11’ via an ignition

switch not shown in detail. In this manner it is to be
secured that the compulsorily downward movement is
also carried out, if in case of trouble the driver switches
off the ignition of the vehicle erroneously. Besides it is
indicated 1n FIG. § that the supply of the switching
stage or the switching logic via a diode D is also en-
sured, when the ignition switch is switched off. By
means- of the wiring of the switches 23 and 80 one

recognises that these switches are coupled with each

other in such a way that the switch 23 has priority. This
means that the driver can determine the direction into
which the motor and thus the window is to be moved
independently of the switching' posmon of the swnch 80
actuated by a passenger | -
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In the version according to FIG. § only two control
leads 86 and 87 are necessary for the compulsory intro-
duction of the downward movements. These leads are
conducted to all motors. In the central control unit a
sole relay 83 is provided. It is however in a certain way
disadvantageous: that to each motor-two decoupling
diodes are assigned via which the motor current flows
and which have therefore to be loaded accordingly.
The last mentioned disadvantage is avoided in the ver-

sion according to FIG. 6. Here two.leads 86, 87 or 86,

87 are conducted to each motor from the central con-
trol unit 81. Also the relay which switches these control

leads is very complicated. By comparison of. the FIGS.

6 and 5 one recognises that, when a switching signal is
available, at first a relay 90 is connected which inter-
rupts the supply voltage for the individual operating
switches. At the same time two relays 91 are excited via

10 _
switching signal is switched on the lead dynamically,
namely via the capacitor 96, which lead is not con-

- trolled by the operating switch 80 during upward oper-

ation. Of course earth can also be tapped off from the
chassis as it 1s shown for the switch 80'. |
FIG. 9 now shows a version which is built up on that

- of FIG. 8. Indeed now to each motor only a separately

10

15

a make contact of the relay 90 which relays apply the

control leads 86 or 87 to voltage in a suitable manner.
- The version according to FIG. 7 seems to be much
simpler. Here a changeover relay 92 is assigned to each

motor which operates a two-way switch which either -

- connects the motor to the leads of the eperating
switches 23 or 80 or to the control lead 93, which is
- connected with the positive pole of the voltage source,
when the relay is excited with an available switching
signal. This control lead 93 is conducted to all motors of
the various window lifter installations. In this connec-

tion it is essential that via this control lead 93 on the one

“hand the relay 92 is excited, but on the other hand also

the motor current flows through it, so that an additional

lead can be saved. Because only one control lead is
necessary to start the compulsory downward move-
- ment in this embodiment it could be-also provided to
change over that motor to downward operation whose
power-dependent value has been prewously evaluated
as a case of trouble. Such an embodiment is also shown

by FIG. 8. Here in the céntral control unit 81 two relays

13 and 14 are provided.for each motor which are con-
trolled according to the principle of FIG. 1 by the as-
signed operating switches 23. One is able to compre-
hend the function of this system, if one presumes that

20

controllable relay 97 is assigned through which the

“motor current is switched. The direction of rotation for
-all motors 1s determined via. the relay 98. Though this

circuit arrangement is less complicated it involves how-
ever the disadvantage that the motors cannot be oper-
ated with different direction of rotation simultaneously.
~ In-FIG. 10 it is indicated how one can imagine the

‘evaluation of the power-dependent values in the central

control unit 81. The switching signals each are con-
nected with the signals of the position switches 15 via a
signal converter 99 and an AND-gate 100 and jointly |
switches them to an OR-gate 101. The OR-gate 101 sets
a store 102 which on its part controls the relay or the
relays of the central control unit via an amplifier 103. In -
case that a switching signals is available from one of the

~ motors this store 102 is set. The reset input of said store

25

102 is.acted upon by a signal which detects the sum of

all currents of the separate motors. As soon as this sum
exceeds a given threshold value the store 102 is reset.

~ Thus the motors are all switched off at the same time.

In the embodiment according to FIG. 11 it is-done

' ‘without the detection of the sum of the current. Instead

30

35

the central control unit 8% has a system according to
FIG. 1 for each motor. Of course it is also conceivable

that the switching stage 18 operates 1n multiplex opera-

. tion for the evaluation of the power-dependent value

‘and practically interrogates the individual values in
cyclic succession and controls the appropriate relay 13

45

~or 14. The individual threshold values which were de-

scnbed in connectlon w1th FIG. 3 are ad_]usted via the
trimmers 38, 48, 58.

In connection with FIG 8 it has addltlonally to be
pomted out to an important detail. Whereas in the ver-
sion according to FIG. 1 a separate earthing connection
- 1s necessary for the position switch 15, now said posi-
tion switch 15 is connected to the motor lead conduct-

50

a timing element 104 is controlled via the OR-gate 101,
whereby the instable phase of said timing element is

selected in such a way that it can safely be assumed that

during this time interval all motors occupy their lower

- end position.

For the sake of cempleteness a further embodiment of
a switching stage 18 is in principle indicated in FIG. 12.

" In this embodiment an analogue digital converter 120 is

provided to which the power-dependent value, in the

~present example the voltage at the resistor 16, is con-

ducted. Thus at the output of said converter 120 a digi-

“tal number is available whose size corresponds.to the
instantaneous value of the motor current. This number

i1s conducted to the input of a store 121 which is set at

‘ regular time intervals by means of the negative slope of

the signal of a clock generator 122. A subtraction circuit

1s designated by 123, which is triggered with the posi-

tive slope of the output signal of the clock generator

-122. At the time of triggering said subtraction circuit

forms the difference between the number tapped off
from the output of the converter 120 and the number
supplied by the store 121. Thus at the output of the
subtraction circuit 123 a number may be detected which

' is proportional to the temporary increase of the power
- and of the current respectively. The subtraction circuit

55

‘ing earth potential during upward operation. One

thereby started from the consideration that this position
switch 15 is only effective, in case upward operatlon 18
switched. on. | S

- In order to prowde that a separate earthmg connec-
- tion to the switches 80 at the back doors of the motor
~vehicleare also saved. one can tap off an earth signal at
the motor terminals via.diodes 94 in the switching point -

- 95. This signal is conducted to the movable changeover

contact of the operating switch 80. Besides the earth

123 includes a kind of comparator in such a way that a
‘signal may be measured at the output 124 as soon as the

difference is smaller than a given value. In contrast

. thereto a signal may be measured at the output 125 as

soon as the difference which is formed by the subtrac-

tion circuit 123 is equal to or bigger than a gwen value..
- The output signal of the subtraction circuit 123 is con-
- ducted to an addition circuit 126. This addition circuit

has a quenching input 127 which is connected to the

~ output 124 of the subtraction circuit. The addition cir-

65

- potential produced in this manner at the switching point '

95 is also utilised for the position switch 15, whose

cuit only performs an addition, when at the output 125

-of the subtraction circuit a signal may be measured
~which is conducted to an input 128 of the addition cir-
'_cu1t | |
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This embodiment in detail operates in such a way that
the number which is available at the output of the sub-
traction circuit 1n regular intervals and which is a mea-
sure for the temporary change of the current, is succes-
sively added up in the addition circuit 126 as soon and
as long as a signal may be measured at the output 125. If
however the difference formed is once smaller than the
given threshold value the addition circuit is immedi-
ately reset to 0.

One can imagine the mode of Operatlon of this circuit
arrangement by way of FIG. 2 in such a way that the di
shown there are added up as long as the rise of the
current curve is bigger than the threshold value indi-
cated by the line a. If in contrast thereto the rise of the
current curve falls to a value which 1s smaller than the
rise of the line a, the addition circuit is quenched and the
next addition operation begins only, when the critical
rise 1s exceeded again. As soon as a given sum 1S ex-
ceeded in the addition circuit 126 the dynamical switch-
ing signal is tapped off at the output 20.

Thus in this embodiment not two absolute values of
the current are compared with each other, when the
temporary change of the current is exceeded, but the

individual differential current changes are summed up.

- Thus for the following release of the switching signal
not a previously stored instantaneous operatlon value 1s
used, but practically a number 0, which is adjusted at
that time before for the first time a too steep current
increase is recognised. This circuit arrangement there-
fore switches off earlier that the versions which were

S

10

15

20

25

30

described by way of the FIGS. 1 to 4. The facts can also

be described in such a way that the current value desig-
nated by Iz in FIG. 2 is used as a reference value and

that from that time onwards the power Increase 1s added

up 1n the addition circuit. |
Finally it is emphasised that the present version is not
only meant for window lifter installations, but can al-
ways advantageously be used if a danger of 1 lnjury 1S
given by the force of movable elements. Here for in-

stance it is thought of a use for electromotively driven

12
157. At the load resistor 159 of said transistor 157 the
output signal for the switching element for switching
off or on the motor is tapped off.

The embodiment according to FIG. 13 operates as
follows. As long as the rise of the characteristic shown
in FIG. 2 is only small, only a small voltage may be

measured at the output of the differentiator and the

transistor 153 is blocked. The capacitor 154 is charged
via the resistors 156, 155, 152 151. The transistor 158 is
blocked Earth potentlal is applied to the output 20.

" If the temporary rise. of the power-dependent value
exceeds a given threshold value the transistor 153 be-
comes conductive. Thereby the capacitor 154 dis-
charges. But this discharge can only last until the tem-
porary rise of the power-dependent value exceeds the
threshold value. If however the threshold value is not

reached at all or the power-dependent value is even
reduced, after a given time interval the transistor 153 is

blocked agaiﬂ'and the capacitor recharged. The switch-
ing stage is adjusted in such a way by the variable resis-
tors 151 and 156 that during normal operation the dis-
charge of the capacitor is insufficient to make the tran-
sistor 158 conductive. If in contrast thereto the tempo-
rary rise of the power- dependent value is very high and

the capacitor 154 is consequenﬂy very rapidly dis-

charged or the temporary rise of the power-dependent_
value above the threshold value continues for a given
time, the capacitor 154 is discharged so far that the

| voltage drop at the resistor 156 is sufficient for connect-
ing the transistor 158 through and thus a sw1tch1ng

signal is released at the output 20. Thereby in this
switching stage the base-emitter space of the transistor
153 of the Miller ingetrator practically operates as

threshold switch for the differentiated signal and the

Miller integrator as a store, whereby the capamtor volt-

~ age follows the characteristic of FIG. 2 in the opposite

sense as soon as the rise of the dotted line a has been
exceeded. The transistor 158 operates as a further

- threshold switch which switches in dependence on the

40

files or elevator doors etc. By the circuit arrangement a

motor is besides reliably protected against destruction
in the case of blocking, so that from this aspect too
- further possibilities of general application are conceiv-
able, for: Instance in connectlon with varlable speed
drives. | |

45

The circuit arrangement only shown in prmmple can

be realised by means of concrete components. In the
future one shall however use integrated circuits and
realise the circuit arrangement by means of micro-
processors or microcomputers. Thereby the circuitry
~ can of course vary from the described version. But the
- basic idea of the invention is used nevertheless,” when
.. the separately stated switching functions are realised.
- The latter is also valid, when in individual cases digital
circuits have been replaced by analogue circuits.
An analogue switching stage which only comprises a
few components is described below by way of FIG. 13.

The power-dependent value transformed to an electric

signal is conducted to the input-17 of a differentiator
consisting of the capacitor 150 and the resistor 151.
Thus a signal is available at the output of said differenti-

“ator which is a measure for the rise of the characteristic .
shown in FIG. 2. Via the resistor 152 this signal is con-

ducted to a Miller integrator with the transistor 153 and
the capacitor 154. The output signal of said Miller inte-
grator is tapped off at the joint switching point of two
resistors 155, 156 and conducted to a base of a transistor

50

capacitor voltage Thus in this sw1tch1ng stage 1t 18 not
necessary to store a current value at the beglnmng of a
critical rise, because the capacitor is recharged Wlth any
subcritical rise and thus the store is practically set on a

- reference value. The swﬂchmg stage according to FIG.

13 especially distinguishes by the fact that individual
components, for instance the transistor 153, perform

~several functions. In the embodiment according to FIG.

13 the store 1s always reset, when the rise of the current
curve falls below the critical value. An embodiment is
also conceivable in which-controlled via a timing ele-
ment not shown in the drawmg-the store is reset after
expiration of a delay time. This timing element trig-
gered at any time, when the rise of the current curve

* becomes super-critical. Finally also such a combination

55

is possible in which in dependence on the rise and on the

delay time of the timing element the store is reset.

In FIG. 13 several resistors and a transistor 160 are
indicated by dotted lines. This enlarging of the circuit
has the purpose to make the dlscharge of the capacitor
154 independent of the size of the rise of the power-

. dependent value. When in this embodiment the output
- signal- of the differentiator’ eéxceeds a given value, the
- transistor becomes conductive and the course of the
- discharge of the capamtor is lndependent of the initial

65

voltage of the differentiator. One could develop further
this circuit in such a way that the capacitor is dis-
charged with a constant current and at any time is re-
charged much more rapidly. Thén the release of a
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switching signal is dependent on the time interval in
which the capacitor can discharge or recharge.

What is claimed is:

1. A safety control circuit for the electric motor of a
power window for automotive vehicles which senses
the motor current and differentiates between a tight
fitting of the window pane and an obstacle blockage,
said control circuit comprising, in combination:

first means for selectively applying and reversing

operating current to said motor wherein said first
means applies said operating current to said motor
in a selected one of two current directions to re-
verse the output motion direction of said motor and
removes said operating current to stop said motor;

10

second means for detecting the operating current of 15

said motor for providing a first output signal indic-
ative thereof; |

third means having an input coupled to said second
means and being responsive to said first output
signal for providing a second output signal indica-

55
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tive of the instantaneous value of said first output
signal;

fourth means for providing a reference signal indica-
tive of a predetermined instantaneous operating
current level:

fifth means having a pair of inputs respectively cou-
pled to said third and fourth means for comparing
said reference signal to said second output signal
and for providing a third output signal when the
level of said second signal exceeds the level of said
reference signal during a predetermined time per-
iod; and, | - -

a switching element coupled between said first means
and said fifth means and being responsive to said
third output signal to remove or reverse said oper-
ating current from said motor when the level of
said second signal exceeds the level of said refer-

ence signal during said predetermined time period.
. T T * % ' | |
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